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Appendix 1: Student handout.
Mutation Project Part One
We will be working on this project for the remainder of the semester. Basically, your task is to mutate a bacterial plasmid and determine where the mutation is. The plasmid we will use contains the mCherry gene cloned in-frame with an amino-terminal protein tag called GST (glutathione S-transferase). Protein expression is regulated by the lac operon, and therefore, in order to obtain high levels of GST-mCherry protein, we can induce protein expression using IPTG; see your textbook for additional details. However, there is still sufficient leaky expression to make most of the bacteria appear pink. You will design an experiment using rolling circle amplification (RCA) to generate mutants that will be identifiable by the easy-to-see phenotype of not being pink any more. We will then check levels of protein expression and sequence the plasmids to see if we can identify the mutation. As you work through this experiment, answer all the questions. First, notice that all the sequences except for EGFP are protein sequences.
6. Is the sequence for EGFP DNA or RNA? How do you know?
7. Circle the codon that encodes the starting methionine. 8. Underline the codon that does not code for an amino acid.
In order to do a comparison, we need to convert the nucleotide sequence of EGFP to a protein sequence. Although you could do this by hand using a codon chart, this is more quickly done by copying and pasting the nucleotide sequence into the Translate Freeware: http://web.expasy.org/translate/. Select as the output format "compact" and then hit "translate sequence". You will then get the amino acid sequence of EGFP.
9. Paste the amino acid sequence for EGFP below.
Now that we have all the amino acid sequences, let's compare the differences between GFP and EGFP.
To do this, we will use the MultAlin program: http://multalin.toulouse.inra.fr/multalin/. In the white box, type ">GFP" (without the quotes), hit enter, and then paste in the sequence for GFP from the word document. Hit enter once to leave a space, and then type ">EGFP" (without the quotes), hit enter, and paste in the protein sequence for EGFP. Hit the button that says "Start MultAlin!" Identical amino acids will appear in red, and amino acids that are dissimilar will appear in blue or black. The consensus sequence, or sequence that is the same, is at the bottom. 10. How many differences exist between these two proteins?
Now repeat the process to compare only EGFP and mCherry. 11. How different are these two proteins? A few amino acids or many amino acids?
Finally, compare a number of different proteins at once: mCherry, EGFP, Orange, Banana, and Plum. 12. Which four proteins are most similar? Does that make sense in terms of where they fall on the color spectrum? See if you need help.
Hopefully, by generating these comparisons, you can see how little or how much it might take to change protein phenotype, in this case, color. Let's make some hypotheses about this mutation experiment. 13. If our objective is to change the color of mCherry, do you think it is more likely that we will get no color or that we will get a different color? Explain your answer.
14. Look at the pGEX plasmid maps (circle at the bottom): http://bit.ly/2h5lXLr. In this experiment, we will do RCA and then transform the newly synthesized plasmids into E. coli to screen for phenotype. We will know that the E. coli contain plasmids because they will now grow on the antibiotic ampicillin. Based on your answers to #14, do you think that we will be able to isolate mutants in each of these DNA sequences? Why or why not?
16. Where in the plasmid sequence would we be likely to get mutations that would result in a phenotype of color change? Explain how each would generate a color change. Hint: there is more than one right answer.
You should now design your own experiment using these references as guides . You must do two different treatments and a negative control to define a base level of mutation. I can provide MnCl 2 and CaCl 2 . Write out what you will put into each tube and the conditions below.
Treatment 1: Treatment 2: Control:
Mutation Project Part Three
Isolation of DNA Hopefully, you have some interesting phenotypes from your colonies that you would like to explore. Pick two of the colonies to pursue further. We will isolate the DNA from these colonies and send it for sequencing with primers that will read the coding sequences of the fusion gene.
Procedure: the night before lab Generate a data table of your colony counts detailing the particular treatment (or not) and the phenotype of the colonies (pink, white, dark pink, etc).
Select two colonies you wish to understand more. You should come in between 5 and 7pm to set up overnight cultures. Touch a sterile toothpick to an isolated colony from your plate and drop the toothpick into 4 mL of LB with 100 µg/mL ampicillin. Grow overnight at 37°C in the shaker.
Procedure: during lab (modified from Ahn et al., 2000)
Plasmid Miniprep DNA isolation 1. Pour ~1.5 mL overnight culture into a 1.5-mL microfuge tube. Harvest bacteria (pellet them out of the LB solution) by centrifugation at 5000xg for 1 minute. Save remaining culture. 2. Remove supernatant LB liquid completely and resuspend the pellet at the bottom completely in 100 µL resuspension buffer (50 mM Tris-HCl, pH 8.0, 10 mM EDTA, 20 µg/mL RNase A; P1). NOTE: this buffer must be stored at 4°C once the enzyme has been added. Resuspension means to pipette up and down until solution is completely mixed i.e. looks milky with no visible clumps. 3. Add 100 µL lysis buffer (200 mM NaOH, 1% SDS; P2) and mix gently by inverting 2 times at room temperature. 4. Add 120 µL neutralization buffer (3 M potassium acetate, pH 5.5; P3) and mix gently by inversion 5 times. Incubate by letting it sit for 3 minutes at RT. *There should be a distinctive precipitate forming in the tube if it worked. 5. Remove bacterial protein debris by centrifugation at max speed for 2 minutes and carefully dump supernatant to a fresh 1.5-mL microfuge tube. DO NOT transfer any of the white precipitate. Dispose of the tube with the precipitate. 6. Add 200 µL isopropanol to the supernatant to precipitate plasmid DNA and mix thoroughly by repeated inversion and sit for 1 minute at RT. 7. Collect DNA pellet by centrifugation at max speed for 2 minutes and slowly pour off the supernatant.
Be careful to retain your pellet in the tube by tilting the tube such that the pellet is on top and you pour out the side opposite the pellet. Watch the pellet as you pour to ensure that you don't pour it out! 8. Wash DNA pellet with 500 µL 70% ethanol. This means simply adding the ethanol to a semi-dry pellet. Do not resuspend. 9. Collect the DNA pellet by centrifugation max speed for 2 min and pour off supernatant (gently again, not dislodging pellet). 10. Quick spin to move remaining ethanol to the bottom. Remove ALL remaining ethanol from the tube with a pipette (touch the tip to the bottom of the tube opposite the pellet) and air-dry DNA with lid open for about 2 minute. 11. Add 20 µL sterile water directly to pellet to resuspend. This prep typically yields ~1-2 µg plasmid DNA per prep.
Preparing your DNA for sequencing 1. Take a nanodrop reading of your DNA to find the concentration. Make sure to record the concentrations in your lab notebook. 2. Dilute your DNA to a final concentration of 0.2 mg/mL in a final volume of 30 µL of water.
3. For each sequencing tube, you should add 8 µL of diluted DNA and 4 µL of one of the 2 mM primers. Make sure to record the tube number and contents in your lab notebook. 4. Place all the tubes at the front of the room so they can be shipped out for sequencing. Polyacrylamide gel electrophoresis (PAGE) uses two phases of polyacrylamide: an upper stacking gel typically of 4% acrylamide and a lower resolving gel of a higher percentage of acrylamide. This is a discontinuous system and results in all of the proteins in a sample separating, or resolving, at the same time (Laemmli, 1970) . Since sample volumes can vary from lane to lane, forming vertically narrow or broad bands in the wells, all of the proteins in a sample do not enter the gel simultaneously. However, the low percentage of the stacking gel allows the proteins to migrate rapidly and be compressed at the edge of the denser resolving gel, regardless of their sizes. The samples of mixed proteins are thus concentrated into uniformly thin bands in each lane before they move into the denser resolving gel and begin to be separated according to their molecular weights. (Imagine a race where all the runners, regardless of their size, line up at the starting line before the race starts.)
Primer
In contrast to DNA, which is quantified in terms of its length, (i.e., the number of base pairs), proteins are quantified in terms of their molecular weights relative to a hydrogen atom, in Daltons. (One Dalton equals the mass of a hydrogen atom, which is 1.66 x 10 -24 grams.) This is because DNA is composed of only 4 nucleotides, which are roughly the same molecular weight. Proteins, however, are composed of 20 different amino acids with molecular weights ranging from 89 to 204 Daltons. Peptide chains vary considerably in amino acid composition. Most proteins have masses on the order of thousands of Daltons, so the term kilodalton (kD) is used for protein molecular masses. Proteins range in size from several kilodaltons to thousands of kilodaltons, but most fall in the range of 10 kD to 220 kD. A molecule's electric charge and its mass affect its mobility through a gel during electrophoresis. Since every protein is made of a unique combination of amino acids, each of which may have a positive, negative, or neutral charge, the net charge of each protein is naturally different. Therefore, the inherent charges of proteins must be removed as a factor affecting migration in order for polyacrylamide gel electrophoresis to be effective as a method of protein molecular weight determination. The intrinsic charges of proteins are obscured by placing a strongly anionic (negatively charged) detergent, sodium dodecyl sulfate (SDS), in both the sample buffer and the gel running buffer. SDS binds to and coats the proteins to give them a uniform negative charge per unit mass and also keeps them denatured as relatively linear chains. In this form, proteins migrate in a polyacrylamide gel with mass being the main variable affecting the migration rate of each protein.
To effectively determine the molecular weights of proteins, the secondary (2°), tertiary (3°), and quaternary (4°) structures of the protein complexes within a protein extract are disrupted prior to electrophoresis. This process of structural disruption is called denaturation. A reducing agent, such as β-mercaptoethanol (BME) or dithiothreitol (DTT), is added to samples to ensure complete breakage of disulfide bonds. In addition, the samples are often boiled or heated to 95°C before loading on a gel. Thus, three factors -heat, ionic detergent, and reducing agent -completely disrupt the 2°, 3°, and 4° structures of proteins and protein complexes, resulting in linear chains of amino acids. These molecules snake through the gel at rates proportional to their molecular masses.
In order to visualize the proteins, we will need to use a dye. In today's lab, we will be using Coomassie brilliant blue. This dye binds reversibly to most proteins. Wear gloves when using this substance. Why?
Procedure: the night before lab You should come in between 5 and 7pm to set up overnight cultures for protein induction. Touch a sterile toothpick to an isolated colony from your plate and drop the toothpick into 3 mL of LB with 100 µg/mL ampicillin. Grow overnight at 37°C in the shaker.
Procedure: the morning of lab
Dilute the overnight, saturated culture by adding 500 µL of overnight culture into a flask of 10 mL of LB with ampicillin. Grow in the shaker for approximately 2 hours at 37°C. Collect 250 µL of each culture in a labeled microfuge tube (U for uninduced). Pellet the bacteria by spinning in a microfuge for 5 min at 4000xg. Remove the supernatant and resuspend in 40 µL of SDS-PAGE sample buffer. Store in the freezer; this is the uninduced sample. Meanwhile, add 10 µL of 1M IPTG to each tube of growing bacteria to relieve repression of the lac promoter. Induce for approximately 3 hours at 37°C in the shaker.
Procedure: during lab Collecting your induced sample
To collect your induced samples, retrieve your cultures from the shaking incubator and remove 100 µL of culture into the appropriately labeled tube (I for induced). Spin the sample down in the microfuge for 5 minutes at 4000xg. Remove the liquid supernatant. Note the color of your pellet and your culture. Resuspend in 40 µL of SDS-PAGE sample buffer.
Resolving your proteins
Put your samples in the 95°C heat block for 3 minutes. Load 15 µL of each sample on a gel. Also load 6 µL of the molecular weight standards per gel. Also include the GST-Cherry controls that are provided. Make sure to write down the order of your samples. Attach the lid to the electrophoretic apparatus and connect the electrode wires to the power supply. Run the gel at 185 volts for approximately 45 minutes to 1 hour. Dismantle the gel and put it in a small dish with Coomassie stain solution for 15 minutes on the rocker. Pour the Coomassie back into its container once you have stained your gel. Rinse the gel with water. Pour destain on the gel and allow it to destain for at least 15 minutes (on the rocker) or until you can see blue protein bands. You may need to change the destain solution every 15 minutes to clear your gel well enough to resolve discrete bands. NOTE: Collect the destain solution in the waste container provided. Determine the size and concentration of the most abundant proteins in the induced lanes by comparison to the molecular weight standard. For the primers that are reverse primers, the current file will need to be reverse complemented. To do this, hold down command and R. Now the sequence will say reverse complementary sequence at the top.
To visualize the translation, click on the button that looks like a ring. A window containing the translation will open on the side.
Asterisks are stop codons. To change the frame, click the arrow. Look for a frame that has relatively few asterisks and continuous sequence.
Copy the translated sequence into the Multalin software.
In Word, generate a reference sequence by fusing GST (sequence below) to mCherry (refer to the first lab for the sequence). Note that the GST-mCherry fusion protein contains an extra three amino acids (PGS) between the C-terminus of GST and the N-terminus of mCherry so type that in between the two sequences. Copy this reference sequence into Multalin as well. (See the first lab if you need a refresher on formatting.)
>GST MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTH PDFMLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSD LVPRGS
For any regions that are different, go back to the sequencing file and see if they are real, as in your eyes are better at seeing the peaks in the chromatogram than the software that generated them. For example, the sequence below is missing an A.
To change a nucleotide, click on it, and type the correct nucleotide. To insert a nucleotide, go to edit, and insert base. Type in the correct nucleotide. To delete a nucleotide, click on it, and hit delete. If you make any changes, find the right frame again, and drop your revised sequence into Multalin to repeat your alignment.
Once you are happy with your alignment, get a screenshot of the alignment. This will be your figure.
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If you have a mutation in the part of the protein encoding Cherry, you should also go to the Protein Data Bank entry for mCherry (under Sequences and Background Info). To the left, you'll see a structure of the protein based on X-ray crystallography.
If you click the 3D View tab, you can rotate this structure and look at it from different angles.
Under display options to the right, you should click on the different options to see the different functional parts of this protein and the ways that the amino acids can be represented. Mutations in the plasmid DNA were induced using various concentrations of MnCl 2 . These mutants were generated using rolling circle amplification. After sequencing the proteins and comparing them to the GST cherry fusion protein, there were no mutations in the coding region. However, a white phenotype indicates that the sequence must have a mutation in another part of the gene, such as the promoter. 
ANSWER KEY Mutation Project Part One
We will be working on this project for the remainder of the semester. Basically, your task is to mutate a bacterial plasmid and determine where the mutation is. The plasmid we will use contains the mCherry gene cloned in-frame with an amino-terminal protein tag called GST (glutathione S-transferase). Protein expression is regulated by the lac operon, and therefore, in order to obtain high levels of GST-mCherry protein, we can induce protein expression using IPTG; see your textbook for additional details. However, there is still sufficient leaky expression to make most of the bacteria appear pink. You will design an experiment using rolling circle amplification (RCA) to generate mutants that will be identifiable by the easy-to-see phenotype of not being pink any more. We will then check levels of protein expression and sequence the plasmids to see if we can identify the mutation. As you work through this experiment, answer all the questions.
Background
1. Define the following terms (pictures might help): a. Plasmid: small, circular DNA, often found in bacteria or yeast, that is capable of replicating independently from the organism's chromosome b. In-frame: sequence that can be translated without a stop codon, deletions, or insertions caused by altering the reading frame c. Rolling circle amplification: a form of DNA replication of circular DNA initiated by a break in one of the nucleotide strands, producing a double-stranded circular DNA molecule and a single-stranded linear DNA molecule which can serve as a template for the synthesis of a complementary strand d. IPTG: a synthetic inhibitor of the lac repressor; acts analogously to allolactose 2. Is this experiment an example of forward or reverse genetics? Forward because we will work from phenotype to genotype 3. If the GST protein will be at the amino terminus of the fusion protein, then is the sequence for GST at the 5' or 3' end of the mCherry gene? 5' since genes are read 5' to 3' and proteins are read N to C.
Designing the experiment
First, let's look at the sequences of some fluorescent proteins. GFP was the first fluorescent protein isolated , and the sequence can be found here: http://www.uniprot.org/uniprot/P42212. 4. What is the genus and species name of the organism that this gene comes from? Aequorea victoria 5. Identify the amino acid sequence of the protein and copy it below. You can copy just the sequence if you click on the "FASTA" button under the heading "Sequence".
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL VTTFSYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLV NRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLAD HYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK
Today, very few people actually use the original GFP sequence, and most researchers use EGFP, or "enhanced GFP". This protein was engineered as a more stable and brighter GFP using the original GFP sequence as a starting point . After EGFP was made, scientists continued to tweak EGFP to make a variety of other colors 7. Circle the codon that encodes the starting methionine. Atg above 8. Underline the codon that does not code for an amino acid. Taa above
In order to do a comparison, we need to convert the nucleotide sequence of EGFP to a protein sequence.
Although you could do this by hand using a codon chart, this is more quickly done by copying and pasting the nucleotide sequence into the Translate Freeware: http://web.expasy.org/translate/. Select as the output format "compact" and then hit "translate sequence". You will then get the amino acid sequence of EGFP.
MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPT LVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL VNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLA DHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK-
To do this, we will use the MultAlin program: http://multalin.toulouse.inra.fr/multalin/. In the white box, type ">GFP" (without the quotes), hit enter, and then paste in the sequence for GFP from the word document. Hit enter once to leave a space, and then type ">EGFP" (without the quotes), hit enter, and paste in the protein sequence for EGFP. Hit the button that says "Start MultAlin!" Identical amino acids will appear in red, and amino acids that are dissimilar will appear in blue or black. The consensus sequence, or sequence that is the same, is at the bottom. 10. How many differences exist between these two proteins? 5 amino acids
Now repeat the process to compare only EGFP and mCherry. 11. How different are these two proteins? A few amino acids or many amino acids? Very different, many amino acids
Finally, compare a number of different proteins at once: mCherry, EGFP, Orange, Banana, and Plum. 12. Which four proteins are most similar? Does that make sense in terms of where they fall on the color spectrum? See if you need help. Cherry, banana, orange, and plum are the most similar, and they are in the longer wavelengths as compared to EGFP.
Hopefully, by generating these comparisons, you can see how little or how much it might take to change protein phenotype, in this case, color. Let's make some hypotheses about this mutation experiment.
13. If our objective is to change the color of mCherry, do you think it is more likely that we will get no color or that we will get a different color? Explain your answer. Since there are many mutations between the colors and the mutation rate should be relatively low, it seems more likely that we will produce a nonfunctional protein through a frameshift mutation or a missense mutation than to generate enough changes to get a different color. Furthermore, frameshift mutations may result in truncated proteins unable to fold and function.
14. Look at the pGEX plasmid maps (circle at the bottom): http://bit.ly/2h5lXLr. The mCherry gene is cloned in downstream of the GST gene. Determine the functions of the following sequences. a. Amp r : ampicillin resistance gene, allows for selection and growth on antibiotic b. lacI: lac repressor gene c. pBR322 ori: origin of replication d. Ptac: promoter 15. In this experiment, we will do RCA and then transform the newly synthesized plasmids into E. coli to screen for phenotype. We will know that the E. coli contain plasmids because they will now grow on the antibiotic ampicillin. Based on your answers to #14, do you think that we will be able to isolate mutants in each of these DNA sequences? Why or why not? Without ampicillin resistance, the bacteria will die. Without an origin of replication, the plasmid will not replicate.
Changes to the coding region are most likely going to result in white (no color) colonies since frameshifts and nonfunctional proteins are the likely result of small amounts of mutations. However, in rare circumstances, mutation to the coding region may change the color to a different color or result in a more stable protein that may appear darker. We may get mutations in the lac repressor gene or the promoter. A stronger repressor that cannot be depressed would result in white color. A weaker repressor may yield darker pink color. A promoter that cannot be regulated by the repressor may yield darker pink color, but a promoter that has a high affinity for the repressor will yield white colonies.
Treatment 1: Treatment 2: Control: water 17. Clearly articulate your hypothesis here.
As we increase the amount of divalent cation added, the percentage of mutations (as measured by colonies that are not pink) will increase.
Once I have approved of your experimental design, you may set up the experiment using the following directions.
Setting up the experiment 1. Combine 10 ng plasmid mCherry/pGEXKG with 5 µL TempliPhi sample buffer in a PCR tube. 2. Denatured the plasmid in sample buffer by heating to 95ºC for 3 minutes. 3. Cool the reaction to room temperature. 4. Add the treatment to the appropriate final concentration for a final reaction volume of 11 µL. 5. Add 5 µL TempliPhi reaction buffer and 2 units of phi29 DNA polymerase. 6. Incubate the reaction for 16 hours at 30ºC. 7. Inactivate the reaction at 65ºC for 10 minutes. 8. Samples will be stored at 4ºC until the next laboratory period.
Visualizing your mutated proteins
GST-Cherry is a fusion protein. Basically, the starting AUG of GST mRNA begins translation, the stop codon of that first mRNA is removed, and the ribosome continues to make the second protein, Cherry, until it reaches the stop codon of the second mRNA. GST and Cherry alone are each approximately 28 kilodaltons in size. The proteins for GST and GST-Cherry are controlled by an inducible promoter from the lac operon. Therefore, transcription of this transcript, and subsequently translation of this transcript, should increase in the presence of an inhibitor of the lac repressor, IPTG (isopropyl-β-D-1-thiogalactopyranoside).
Today, you will analyze your induced and uninduced protein expression samples by SDS-PAGE and subsequent Coomassie blue staining. SDS-PAGE (sodium dodecyl sulfate -polyacrylamide gel electrophoresis) is a form of electrophoresis that treats samples with the detergent SDS to denature proteins. This technique is widely used in molecular biology research to examine proteins to answer a variety of questions. Polyacrylamide gel electrophoresis (PAGE) uses two phases of polyacrylamide: an upper stacking gel typically of 4% acrylamide and a lower resolving gel of a higher percentage of acrylamide. This is a discontinuous system and results in all of the proteins in a sample separating, or resolving, at the same time (Laemmli, 1970) . Since sample volumes can vary from lane to lane, forming vertically narrow or broad bands in the wells, all of the proteins in a sample do not enter the gel simultaneously. However, the low percentage of the stacking gel allows the proteins to migrate rapidly and be compressed at the edge of the denser resolving gel, regardless of their sizes. The samples of mixed proteins are thus concentrated into uniformly thin bands in each lane before they move into the denser resolving gel and begin to be separated according to their molecular weights. (Imagine a race where all the runners, regardless of their size, line up at the starting line before the race starts.)
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Procedure: the morning of lab Dilute the overnight, saturated culture by adding 500 µL of overnight culture into a flask of 10 mL of LB with ampicillin. Grow in the shaker for approximately 2 hours at 37°C. Collect 250 µL of each culture in a labeled microfuge tube (U for uninduced). Pellet the bacteria by spinning in a microfuge for 5 min at 4000xg. Remove the supernatant and resuspend in 40 µL of SDS-PAGE sample buffer. Store in the freezer; this is the uninduced sample. Meanwhile, add 10 µL of 1M IPTG to each tube of growing bacteria to relieve repression of the lac promoter. Induce for approximately 3 hours at 37°C in the shaker.
Procedure: during lab Collecting your induced sample
Resolving your proteins
Put your samples in the 95°C heat block for 3 minutes. Load 15 µL of each sample on a gel. Also load 6 µL of the molecular weight standards per gel. Also include the GST-Cherry controls that are provided. Make sure to write down the order of your samples. Attach the lid to the electrophoretic apparatus and connect the electrode wires to the power supply. Run the gel at 185 volts for approximately 45 minutes to 1 hour. Dismantle the gel and put it in a small dish with Coomassie stain solution for 15 minutes on the rocker. Pour the Coomassie back into its container once you have stained your gel. Rinse the gel with water. Pour destain on the gel and allow it to destain for at least 15 minutes (on the rocker) or until you can see blue protein bands. You may need to change the destain solution every 15 minutes to clear your gel well enough to resolve discrete bands. NOTE: Collect the destain solution in the waste container provided. Determine the size and concentration of the most abundant proteins in the induced lanes by comparison to the molecular weight standard. Analysis 1. Given that the average mass of an amino acid is 110 Daltons, the predicted mass of a protein can be approximated from the number of amino acids it contains. GST and Cherry proteins are each approximately 28kD.
>GST MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTH PDFMLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSD LVPRGS
To change a nucleotide, click on it, and type the correct nucleotide.
To insert a nucleotide, go to edit, and insert base. Type in the correct nucleotide.
To delete a nucleotide, click on it, and hit delete. If you make any changes, find the right frame again, and drop your revised sequence into Multalin to repeat your alignment.
Laboratory Week One: Experimental Design and RCA o Computer with internet access o Purified mCherry/pGEXKG plasmid (please request) 10ng per reaction, 3 reactions per pair of students o illustra TempliPhi kit (1 kit has 100 reactions)
We typically aliquot 5-6 µL per tube of both the sample buffer and reaction buffer before lab so that the students will have pre-made aliquots for each reaction, rather than thawing the whole tube multiple times. Store the aliquots at -80°C. o 95°C heat block o PCR tubes, although ordinary 0.6 mL tubes and heat blocks can be used instead of a PCR machine o phi29 DNA polymerase o 30°C heat block or PCR machine o 65°C heat block or PCR machine o refrigerator o sterile water o P20 and P2 micropipets with the appropriate tips o 11 mM, 22 mM, 33 mM CaCl 2 and MgCl 2 solutions Laboratory Week Two: Purification and Transformation o Econospin columns and reagents or any small-volume, column-based PCR purification kit (1 per reaction) o P1000 and P20 micropipets with the appropriate tips o Microfuge o Sterile 1.5 mL tubes (1 per reaction) o Ice bucket with ice o Calcium chloride competent NEB5a bacteria (1 per reaction)
In our hands, purchased competent bacteria yielded a low transformation rate so we made our own competent cells using a standard procedure (14 
